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■ Abstract 

Formulas for transverse conductance in quantum collisional plasma are deduced. 
The kinetic equation in momentum space in the relaxation approach is used. It 
is shown, that at — )■ the derived formula transfers to the classical one. It is 
' (— I '• shown also, that when electron collision frequency tends to null (i.e. plasma becomes 

collisionless), the conductance formula transfers in the known formula inferred earlier 
• by Lindhard. 
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J^; 1. BBe^eHHe 

B xopomo H3BecTH0H pa6oTe MepiviHHa fT] na ocHOBe anajiHsa HepaBHOBec- 

HOH MaTpHIJ,bI njIOTHOCTH B T - npH6jIH>KeHHH 6bIJI0 HOJiyHeHO Bbipa>KeHHe 
flJI5I npOflOJIbHOii flHSJieKTpHHeCKOH npOHHD,aeMOCTH KBaHTOBOH CTOJIKHOBH- 

^ ■ TenijibHOH njiasMbi. 

; Panee b pa6oTe Jlnnflxapfla |2] 6bijiH nojiyHenbi Bbipa>KeHHJ5 flji5i npo- 

flOJibHOH H nonepeHHOH flHSjieKTpHHecKoii npoHHii,aeMOCTH KBaHTOBoft 6ec- 

CTOJIJIKHOBHTejIbHOH HJiaSMbl. SaTGM KjIHBep H OyKC nOKaSajIH [3], HTO np5i- 

Moe o6o6meHHe 4)opMyji Jlnnflxapfla na cjiyHaft CTOJiKHOBHTejibHoft njiasMbi 
(nyTeM saMeHbi u — > u + i/r) neKoppeKTHO. 9tot neflOCTaTOK flji5i npoflOJib- 
HOH flHSjieKTpHHecKoii npoHHi],aeMOCTH 6biji npeoflOJieH b pa6oTe MepMHHa 
[T]. B TO>Ke caMoe BpeM5i j\o HacT05mi,ero BpeMeHH He HMeeTC5i KoppeKTHoro 
Bbipa>KeHH5i flji5i nonepeHHOH flHSJieKTpHHecKoii npoHHn,aeMOCTH flji5i cjiynaa 
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KBaHTOBOH CTOJiKHOBHTejibHOH HjiasMbi. JJejih HacT05iineH pa6oTbi — BOCnOJI- 
HHTb 3T0T npo6eji. 

CbOHCTBa sjieKTpHHecKOH npoBO/],HMOCTH H flHSjieKTpHHecKOH npoHHii,ae- 
MOCTH no (|)opMyjiaM, BbiBefleHHbiM JlnnflxapflOM [2], noflpo6HO HsynajiHCb b 
MOHorpa(|)HH P]. B pa6oTe [S] nonepenHasi ^HSjieKTpHHecKasi npoHHii,aeMOCTb 

KBaHTOBOH HJiaSMbI HpHMeHHJiaCb B BOHpOCaX TeOpH CKHH-34)4)eKTa. B Ha- 

CT05ini,ee BpeM5i pacTeT HHTepec k HsyneHHio pasjiHHHbix cbohctb KBanTOBOH 
njiasMbi (cm, HanpHMep, Oco6eHHO cjie^yeT OTivieTHTb pa6oTy ^>k. 

MaH4)pe/],H [12], nocB5imeHHyK) HCCJie^OBaHHio sjieKTpoMarnHTHbix cbohctb 

KBaHTOBOH HJiaSMbl. 

^HSJICKTpHHeCKaH HpOHHH,aeMOCTb HJiaSMbI OHpeflejIHeTCH SJICKTpHHeCKOH 

HpoBOflHMOCTbK) HjiasMbi. HosTOMy CHanajia mm paccMOTpHM HOHepennyK) 

SJIGKTpHHeCKyK) HpOBOflHMOCTb KBaHTOBOH CTOJIKHOBHTCJIbHOH HJiaSMbl. 

1. KHHeTHHecKoe ypaBHGHHe ^Jia MaTpHi],bi hjiothocth 

IlycTb BCKTopHbiH HOTeHH,Haji sjiCKTpoMarHHTHoro H0JI51 5iBji5ieTC5i rapMO- 
HHMecKHM, T.e. HSMCHHeTCH KaK A = A(r) exp(— zoj^) . Mbi paccMaTpHBacM 
HOHcpeHHyK) HpoBo;],HMOCTb. HosTOMy BbiH0JiHHeTC5i cjieflyK)n],ee coothohic- 

HHC divA(r, = 0. CB5I3b MC^K^y BCKTOPHBIM HOTeHH,HajIOM H HaHp5I>KeH- 

HOCTbK) sjicKTpHHecKoro HOJis flacTCH cjiepymuxnM Bbipa>KeHHeM 

A(q) = — E(q). 

PaBHOBCCHaSI MaTpHH,a HJIOTHOCTH HMCCT CJie/],yK)m,HH BHfl 

1 

exp(/3(//-/i)) + l- ^-^--^^ 

S^ecb P = 1/ {JzeT)^ T - TCMHcpaTypa HjiasMbi, /c^ - HOCTOHnnasi BojibH,- 
Mana, - xhmhhcckhh HOTeHH,Haji HjiasMbi, H - raMHjibTOHHan. 

B JIHHeHHOM HpH6jIH>KeHHH raMHJIbTOHHaH HMCCT CJieflyK)n],HH BH/i; 

2m 2m 2mc 

CjieflOBaTCJIbHO, mm MOJKCM Hpe^CTaBHTb 3T0T raMHJIbTOHHaH B BHfle cyM- 

Mbi pfiyx onepaTopoB H = Hq + Hi^ rpfi 
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BosbMeM KHHeTH^ecKoe ypaBHenne fljia MaTpHLi;bi njiOTHOCTH b r - npn- 

6jIH5KeHHH 

iH^ = [H,p] + '-^Cp-p)- (1-2) 

Sflecb u = 1/t - 34)4)eKTHBHa5i nacTOTa CTOJiKHOBeHHii HacTHu; njiasMbi, r 
- xapaKTepHoe BpeMH Me^K^y ^ByMii nocjieflOBaTejibHbiMH CTOJiKHOBeHHHMH, 
h - nocTOHHHaii HjiaHKa, [iif, p] = Hp — pH - KOMMyxaTop. 

B jiHHeiiHOM npH6jiH5KeHHH no BHemneMy nojiio mm HmeM MaTpHD;y njiOT- 

HOCTH B BHfle 

p = pW + p(i). (1.3) 

Sflecb p^^^ - nonpaBKa (BOSMymeHHe) k paBHOBecHoii MaTpHD,e njiOTHO- 
CTH, o6ycjiOBjieHHa5i najin^HeM sjieKxpoMarnHTHoro nojia, p^^^ - paBHOBecnaii 
MaTpHLi;a hjiothocth, OTBe^aiomaii "paBHOBecnoMy" onepaTopy FaMMjibTOHa 

HpeflCTaBHM paBHOBecnyio MaTpHLi;y njiOTHOCTH p (cm. (1.1)) b cjieflyio- 
meM BHfle 

p=~p^'^ + p^'\ (1.4) 

PaCCMOTpHM KOMMyTaTOp [if, p] . B JIHHGHHOM npH6jIH5KeHHH 9T0T KOM- 

MyTaTop paBen 

[Hrp] = [Ho,p^'^] + [H^,p^'^] (1.5) 

[HJ]=0. (1.6) 
fljiH KOMMyTaTopoB H3 npaBOH HacTH paBencTBa (1.5) mm naxoflHM 

(ki|[iio,p(^^|k2]) = {E^, - E^,)p^'\k^ - k2), (1.7) 



(ki|[i/i,p(0)|k2]) = [/i.(k2) - /^^(ki)] (ki|//i|k2) = 

/^^(k2) - (ki)l (ki + k2)A(ki - k2), (1.8) 



2mc . 



1 h^k'^ 

/^(k) = — TW7^ TT, = P = hk. 



+ exp(/3(Ek -//))' 
Hs cooTHomeHHH (1.4)-(1.8) BbiTexaeT, hto 

~(i) /f(ki) - /f(k2) ^, , 1 ^ A n i ^ n o^ 

^ = -2;;^ E^,-E^, + ^^^^^^^ - ('-'^ 



4 



C noMOinbK) cooTHomeHHH (1.3)-(1.5) mm jinneapHsyeM KHHeTH^ecKoe 
ypaBHeHHe (1.2). HojiyHaeM cjie^yioinee ypaBneHne 

ih^-^ = [Ho, p^'^] + [i^i, + ihip^'^ - (1.10) 

IIojiojKHM ^ajiee p^^^ = e~^^^pi, p^^^ = e~^'^*po, p^^^ = e~^'^^pi. Tor^a 
ypaBHenne (1.10) npHHUMaeT cjieflyiomnii BHfl 

{hhj + ihiy)pi = [Ho, pi] + [Hi,po\ + ihiypi. 

Oxciofla cjieflyeT, mto 

ihjij + ihiy){ki\pi\k2) = (ki|[i/o,Pi]|k2)+ 

+ {ki\[Hi, po]\k2) + ihu {ki\po\k2). 

3flecb 

(ki|[i/o,Pi]|k2) = (^k, - ^;kj(ki|pi|k2) = 

= (Ek, -£;kjpi(ki-k2). 

npeflbi/],ymee paBencTBO mm npeo6pa3yeM k BH^y 

(^ + ihu - + Ekjpi(ki - k2) = 

eh 

= ^[/i^(ki) - /F(k2)](ki + k2)A(ki - k2) + ihiypiiki - k2). 
BepneMCii k ypaBHeHHio (1.9). HpeoGpasyeM Tenepb sto ypaBHenne k BH^y 

(^ + ihp - Eki + EkJ/?i(ki - k2) = 
eh [friki) - /F(k2)](^k, - ^k. - ihiy) 



2mc Eki - ^k2 

H3 KOTOpOrO HaXOflHM 

pi(ki - k2) = 



(ki + k2)A(ki-k2), 



eh [Mki)-Mk2)](Ek,-Ek.-iH(k,^k2)A(k,-k2). (1.11) 



2mc (£;ki - E]^^){hw + i^z^ - ^ki + ^ka) 

B ypaBHeHHH (1.11) mm nojiojKHM ki = k, k2 = k — q. Tor^a 

(ki|pi|k2) = (k|pi|k-q) = 

eh [fpik) - fpik - q)](Ek - ^k-q - ^^^)kA(q) (1 12) 



mC (Ek - £;k-q)(£^k - ^k-q -hoj - ihv) 
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2. rijIOTHOCTfc TOKa 



HjioTHOCTb TOKa j(q) onpeflejiiieTCii kqk 



j(q,a;) = e J 



SiT^m \ 2 



:p--a)p + p(p--a) 



c c 
Hocjie noflCTanoBKH (1.3) b HHTerpaji h3 (2.1), mm HMeeM 



(2.1) 



k + 



q 



(p - -A)p + p{p - -A) 
c c 



ppi + pip - -{Apo + pqA) 

c 



q 



HeTpy^HO noKasaxb, hto 

/ q q\ 

\k + - Ippi + PipI k - = 2;ikpo(q), 

(k + I |A;5o + ^oA| k - I) = A(q) [po(k + |) + ^o(k - 
CjieflOBaTejibHO, BbipajKenHe fljiH njioTHOCTn TOKa nMeex cjieflyioinHH bh^ 

j(q..,.) = -^A(q) / *p„(U + |)-^A(q) / £po(k-f)+ 

IlepBbie flBa ^Jiena b stom BbipajKennH paBHbi flpyr flpyry 



f dk ^ q, f dk ^ q. 



N 



rfle A/^ - ^HCJiOBaH njiOTHOCTb (K0HLi;eHTpaD;H5i) njiasMbi. 
CjieflOBaTejibHO, njioTHOCTb TOKa paBna 

j(q,a;,zy) = -— -A(q)+e;i J ^-^k (k + ^ |pi| k - ^ 



mc 



m 



(2.2) 



IlepBoe cjiaraeMoe b (2.2) ecTb ne hto nHoe, KaK KajiH6poBOHHa5i njioT- 

HOCTb TOKa. 

C noMOin;bio o^eBuj^HoPL saMenbi nepeMennbix Bbipa^Kenne (2.2) mojkho 
npeo6pa30BaTb k BH^y 



j(q, cj, z/) = A(q) + eh / -r-o— k k \pi\k- q) 



mc 



(2.3) 
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B cooTHomeHHH (2.3) noflbiHTerpajibHoe Bbipa>KeHHe flaeTca paseHCTBOM 
(1.12). IloflCTaBJiiiH (1.12) B (2.3), nojiy^aeivi cjie^yiomee BbipajKenne ^jih 

njIOTHOCTH TOKa 

j(q,t^,z/) = -— -A(q)- 



W?C J 47r3 (Ek - Ek-q)(^k - ^k-q " ^ " i/lZ^) 

06o3HaHHM flajiee 

^^ ^ [/F(k)-^(k-q)](Ek-^k-q-^/^^) 
' (Ek - ^k-q) [^k - ^k-q - KU + liy)] ■ 

C y^eTOM 9Toro o6o3HaHeHH5i 4)opMyjiy (2.4) fljiH njiOTHOCTH TOKa mojkho 
nepenHcaTb Kopone: 

J q,a;,zy = -— -A q - / kA q ^ k, q . 

HanpaBHM ocb x B^ojib BexTopa q, a ocb y B^ojib BexTopa A. Tor^a 
npeflbiflymee BeKTopnoe BbipajKenne (2.4) MO>KeT 6biTb nepenncaHO b Bn^e 
Tpex CKajiapHbix 

Jyiq,uj,u) = A q ^ / -—kl ^ k,q 

mc m^c J A-K-^ ^ 



ja;(q,a;,zy) = j^(q,a;,zy) = 0. 



dk 



47^3 



CjieflOBaTejibHO 



OTCiofla Mbi saKjHo^aeM, ^to Bbipa5KeHne fljiH njioTHOCTH TOKa mo^kho npe^- 
CTaBHTb B cjieflyiomeii HHBapHaHTHoft (J)opMe 



j(q,a;,z/) = A(q)- 

mc 



2fe2 



A(q) / dk\k'-{^)'] S(k,q), (2.5) 
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HJIH 



■A(q)- 



2fe2 



A(q) / dk 



_ /kq^ 2. /j.(k) - /j.(k - q) 

\q ) \ - Ek-q 



A(q) / (ik 



k^-(^ 
Q 



fF{k) - Mk - q) 



(^k - ^k-q)[^k - ^k-q - h{uj + liy)] ' 



riepBbie flBa Hjiena b npeflbi^ymeM cooTHomeHHH ne saBHCHT ot nacTOTbi 
uj H onpeflejiiiiOTCii ;];nccnnaTHBHbiMH CBoiiCTBaMH MaTepnajia, onpe^ejiiie- 

MblMH HaCTOTOil CTOJIKHOBeHHH U . 9tH HJieHbl 5IBJI5IIOTC5I yHHBepCajIbHblMH 

napaMeTpaMH, onpeflejiiiiomHMH flHaMarneTHSM JlaH^ay. 

3. rionepeHHaa ajiexTpHHecKaa npoBO^HMOCTt 

YHHTbiBaa CBHSb BeKTopHoro noTeHii,Hajia c HanpajKeHHOCTbio sjieKTpo- 
MarHHTHoro nojia, a TaK>Ke cbhsb njiOTHOCTH TOKa c ajieKxpHnecKHM nojieM, 
Ha ocHOBaHHH npeflbiflymero cooTHomeHHH (2.5) nojiynaeM cjieflyiomee bbi- 
pajKenne HnBapnaHTHoro BH^a fljiH nonepe^Hoii 9JieKTpn^ecK0H npoBO^HMO- 

CTH 



+ 



X 



HJIH, KpaTKO, 



atr{(\,uj,v) = h 3 . 



[fFjk) - fpjk - q)(Ek - £;k-q - ihu) 

{E^ - £^k-q)[^k - £^k-q - + i^)] 

,_ /kqx2 



X 



dk 



S(k,q). 



(3.1) 



(3.10 



SaMeTHM, WTO flpo6b h3 HOflbiHTerpajibHoro BbipajKennii h3 (3.1) MOJKeT 
6biTb npe;];cTaBjieHa ^ByMii cnoco6aMH: 

^k - ^k-q - 

(^k - ^k-q)[^k - ^k-q - + iiy)] ~ 

1 fiuj 

+ 



HJIH 



^k - ^k-q (^k - ^k-q) [£^k - ^k-q " Ku + iu)] 

^k - ^k-q - ihiy 

(^k - ^k-q)[^k - ^k-q - KU + ip)] ~ 
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1 



+ 



1 



uj -{-if E\^ — -Bk-q uj E\^ — -Ek-q — + 
CjieflOBaTejibHO, fljia nonepe^Hoii sjieKxpH^ecKoii npoBOflHMOCTH mm HMe- 
GM flBa npe^CTaBJieHHii: 



at^(q,w,z/) = h 



TTIO; STT^m^UJ J -Ek — -Ek-q 

/F(k) - fF{k - q) 

87r3m2 7 (Ek - Ek-q) [Ek - Ek-q - + z^)] 



dk, (3.2) 



X 



X 



^(k) - fpjk - q) 

^k — £^k-q 



2fe2 



f /i.(k)-/f(k-q) 

87r^m2(aj + zz/) J E]^ — E'k-q — + zz/ 



dk. 



(3.3) 



B HHTerpajiax h3 Bbipa^KeHHii (3.1) - (3.3) mm HMeeM 

kq^^2 
Q 



k^-(^^y^dk=ie-ki)d'k. 



BMecTO BeKTopa k bbg^gm SespasMepHMi! BexTop K cjieflyiomHM paBen- 

CTBOM K = - — , kp = rfle kp - BOJiHOBoe hhcjio OepMH, pp = mvp 
kp h 

- HMnyjibc BJieKTpona na noBepxHOCTH OepMH, vp - CKopocTb sjieKxpona na 
noBepxHOCTH OepMH. 



{k' - kl)d^k = ep{K'' - Kl)d'K. 

CjieflOBaTejibHO, c y^eTOM nocjieflHHx paBencTB 4)opMyjibi (3.1) - (3.3) 
Mo:>KHO nepenncaTb b 

a,M,u,v) = ^ + 3^^^^- / H(K.q)[/r^ - K^^^SK, (3.4) 



2\ j3 



atr{q,uj,i^) = h 



mu! S'K^rn^uj J Ej^ — -^K-q 
le'h^ f fp{K)-fp(K-q) 



MK)-MK-q)j^,_^,j^3^^ 



87r3m2 J {Ek - ^K-q) [^K - ^K-q - Kuj + iu)] 



[K'-K^]d'K, (3.5) 
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H 



■X 



X 



I (K) - /^(K - q) 
J Ek — Ek-ci 

f MK)-/f(K-q) 



E 



K 



q 



(3.6) 



C noMombK) HaftfleHHbix Bbipa>KeHHH nonepeHHOH sjieKTpHHecKOH 
npoHHi],aeMOCTH mo>kho cocTaBHTb BbipajKeHHe nonepeHHOii ^HSJieKTpH- 
HecKOH npoHHi],aeMOCTH: 



47rz 

£i^(q, w, z/) = IH cri^(q, w, z/). 



(3.7) 



HpoBepHM BbinojiHeHHe OflHoro h3 cooTHomeHHH, HasbiBaeivioro npaBHjiOM 
/-cyMM (cm., HanpHMep, [1], [13] h IH]) JV^^ nonepeHHoft flHSjieKTpHHecKOii 
npoHHi],aeMOCTH (3.7). 3to npaBHjio Bbipa>KaeTC5i 4)opMyjioH (4.200) h3 mo- 
Horpa4)HH [T3] : 



CX) 



r/],e cjp - njiasMeHHasi (jienrMiopoBCKasi) HacTOTa, 



(3.8) 



UJp = 



m 



KaK noKasano b [13], flJii^ flOKasaTejibCTBa cooTHomeHH5i (3.8) ^ocTaTOHHO 
pflKas&Th BbinojiHeHHe npe^ejibHoro cooTHomeHHH 

,2 



to: 



lim £i^(q,cj,z/) = 1 



(3.9) 



Bocnojib3yeMC5i Bbipa>KeHHeM (3.1') ^jih nonepeHHoft sjieKTpHHecKOH npo- 
BOflHMOCTH H npeflCTaBHM ee b BHfle 



1 + 



dk 



S(k, q) 



(3.10) 
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rioflCTaBjiM (3.10) B (3.7), nojiyHaeivi cjieflyioinee Bbipa>KeHHe ^jih none- 

peHHOH flHSJieKTpHHeCKOH npOHHI],aeMOCTH 

,2 



to: 



e<^(q,cj, u) = 1 1 



CO' 



1 + 



dk 



S(k,q) 



(3.11) 



Hs Bbipa>KeHH5i (3.11) bh^ho, hto flji5i flOKasaTejibCTBa (3.9) flocTaTOHHO 

;],0Ka3aTb, HTO 



lim 



1 + 



STT^Nm 



dk 



S(k,q) 



= 1. 



riocjie^Hee cooTHomeHHe coBepmeHHO OHeBH^no, ecjiH saMeTHTb, hto 

lim H(k, q) = 0. 

TaKHM o6pa30M, npaBHjio /-cyMM fT3] flji5i nonepeHHoft flHSjieKTpHHecKoft 

npOHHI],aeMOCTH KBaHTOBOil CTOJIHOBHTejIbHOH njiaSMbl BbinOJIH5ieTC5I. 

4. Bi>ipo:ac^eHHa5i njiasMa 

/^ajiee mm 6yp^eM pacciviaTpHBaTb cjiynaH Bbipo>KfleHHOH njiasMbi. Tor^a 
Mbi HMeeM 



C jie/];oBaTejTbHO , 



- kl)d'k = 3 ^'^^^H ^^2 _ ^2)^3^_ 

A6cojiK)THoe pacnpe^ejieHHe OepMH — flnpaKa /i^(k) = l/[l+exp(^£'k— 
a)], r/],e a = (5fi - npHBefleHHbiii (SespasMepHbifi) xHMHHecKHii noTeHi],Haji 
njiasMbi, Bbipo>KfleHHOH njiasMbi nepexo^HT b pacnpe^ejieHHe OepMH 
fpik) = 6(k) = @{Ef — £'k)- 3/],ecb Q{x) - (^ynKu^nsi XsBHcaii/^a, 



Q{x) = 



1, 
0, 



X > 0, 
X <0. 



Tenepb mm nepennmeM Bbipa>KeHHe (3.4) b Bup^e 

+ 



^ / E{K,q)[K'-Kl]d'K, 



mu 



Sttu 



(4.1) 
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rfle 



S(K, q) = 



[e(K) - e(K - q)]{EK - ^K-q - ihiy) 



ToHHO TaK 5Ke npeo6pa3yeM 4)opMyjibi (3.5) h (3.6): 



O'tr = 



le^N Ste^Nvl Z" e(K) - e(K - q) . 



+ 



Stt 



Stto; J Ek- ^K-q 
J (Ek - ^K-q) [^K - ^K-q - Kuj + zz/)] 



(4.2) 



^lN _ JIN^ r e(K)-9(K-q) _ 

mu! 87ru{uj + zz/) J Ek - ^K-q 

e(K) - e(K - q) 



J 



(K' - KI)£K, 



(4.3) 



87r(a; + iv) J Ek — ^K-q — K^ + 
Bbo^h CTaTHHecKyio npoBO^HMOCTb (7o = e^N/mu^ mm nepennmeM 4)op- 
Myjibi (4.1) - (4.3) B BHfle 



1 + -— X 

47r 



X 



[e(K) - e(K - ^)]{Ek - ^K-q - ihiy) , _ , , 

(Ek - ^K-q) [^K - ^K-q - Kuj + zz/)] ^ 



(4.4) 



SEphuj 
Air 



I 



e(K) - e(K - q) 



{K''-Kl)(fK 



Gq UJ 



{Ek - Ek-ci)[Ek - Ek-^ - K^ + ^^)] 
SEpiiy 



(4.5) 



1 + 



^ , /e(K)-e(K-q) 

47r(a; + zz/)y Ek-Ek-^ ^ 



/• e(K) - e(K - q) 

47r{u + zz/) J Ek- ^K-q - /^(^ + i^^) 



[K' - Kl)(fK 



(4.6) 



2 

2m 



SHeprnii BJieKTpona na nosepxHOCTH OepMH. 



5. BtmHCJieHHe ajieKTpHHecKoii npoBo;j,HMOCTH 
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BbmncjieHHe nonepe^Hoii ajiexTpHHecKoft npoBOflHMOCTH mo^kho npoBe- 
CTH no J11060H H3 4)opMyji (4.4)-(4.6). BbmncjiMM HHTerpajibi, Bxojisiu^ie b 
BbipajKenne (4.6). HepEbm HHTerpaji ecTb ^acTHbifi cjiyHaii BToporo. IIo- 
STOMy cnanajia bbihhcjihm BTopoii HHTerpaji. 9HeprHio BbipasHM nepes 
SHeprHK) OepMH. HivieeM: 

E^ = — = = = EfK' = Ek. 

2m 2m 2m 

To^HO TaK 5Ke nojiy^aeM: 



^ 2m 2m V kp) ' 

^ajiee o6o3HaHHM bojihoboh BeKTop q nepes k, h BBe^eM 6e3pa3MepHbm 

BOJIHOBOil BeKTop Q = ^ — • ToFfla 

kp 



2m 

SaMeTHM, WTO 

Ek - ^K-q = EpK^ - EpiK - q)^ = Epm^q - q^] = 

= 2qEp{Kx - |) = mvlq{Kx - |) = hvpk{Kx - |). 
KpoMe Toro, 



Ek - EK-q - h{uj + iv) = hkvp(^Kx - | 

= hvpk(Kx — - — ^ ^ = hvpkiKx 
V 2 vpkpqJ V 



2 ~ 
rfle 

oj + iz/ k 
z = x + iy = - , (1 = 1-- 

kpvp kp 

TaKHM o6pa30M, fljia aGcojiiOTHoro pacnpe^ejienHH OepMH — ^npaxa mm 
nojiynaeM 

e(K) = SiEp - Ek) = SiEpil - K^)) = 6(1 - K^), 

e(K - q) = eiEp - EK-d) = e[Ep - Ep{K - qf] = e[l - (K - q)2]. 

Tenepb p^jin BToporo HHTerpajia h3 (4.6) 

e(K)-e(K q) 

J Ek - EK-d - Ku + luy 
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nojiy^aeM cjieflyiomee Bbipa>KeHHe 



J = 



vpkh 



e(l-K^)-e[l-(K-q 

Kj; - z/q - q/2 



vpkh 



■{K^ - KI)SK = 
1 



- z/q - q/2 - z/q + q/2 

xe(l - K^){K'^ - kI)Sk = 



X 



1 fe{i-Ky\K''-K'^)d'K. 



7T 



1 - t^Ydt 



mv 



F 



2mVp 



-1 



{K, - z/qf - gV4 
AHajiorHHHO, nepBbiii HHTerpaji mo>kho npe/],CTaBHTb b BH^e 

^0 = 



{t-z/qf-q^/A 



e{K) - e{K - q) _ ^^,,^^3^ ^ 



TT 



1 - t^Ydt 



7T 



2mvp J t'^ — q^/4: mvp 

-1 

Tenepb npeflCTaBHM 4)opMyjiy (4.6) b 



1 - efdt 

^2-^2/4 



Ojr_ 



X 



%x\\^iy/x) J f^-q^/A 



3iy 



'1 - t^?dt 



16{x + iy) J {t-z/qf-q^/A' 



(5.1) 



^Ji5i cpaBHeHH5i npeflCTaBHM (|)opMyjiy JlHH/],xap/],a [2] b HaniHx o6o3Ha- 
HeHHHx cjie^yioinHM oSpasoM 



Lin 
tr 



1 



1 - t2)2^t 



iy ^ f 

X I6xj {t- z/qf - q^/A 

-1 



(5.2) 



Hs cooTHomeHHH (5.1) h (5.2) bh/],ho, hto MHHMbie HacTH nonepeHHbix 
sjieKTpHHecKHx npoBOflHMOCTeii H3 HacT05imeH paGoTbi H H3 pa6oTbi JIhh- 
flxapfla npH y ^ coBna^aiOT: 



lim Im (7tr{(l: uj,u) = lm (7^*"(q, cj, z/) 
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HHTerpajibi, BxoflHiuHe b (5.1), jierKO Bbi^HCJiHiOTCH 





__5 A;2 - 4A;2 )2 2A;i. - A; 



1 



-1 



(1 - t^)^dt _ 10 ^ 
{t - z/qY - g74 ~ 3 ^ o2 + 2 ^ 



+- 



1-^V + ^ 
q^) 16 



g2 

— H 

2 2 



In 



3 q 

I - ci/2 



9/2 

- - z- 



zq 

y 



i+4ri ^ 



9' 



9 



In 



(1 + z/qf - gV4 

l-z/qf-q^/A 
l + z/qf-q^/A 



(5.3) 



(5.4) 



CjieflOBaTejibHO, nonepeHHaa sjieKTpHHecKaa npoBO^HMOCTb KBaHTOBoii 
njiasMbi BbiHHCJiiieTCii no 4)opMyjie 

(Ttr iy W 



Mq) + 



'iiy 



■Ti{z,q)., 



(5.5) 



o"o a: 8(x2 + z?/x) """"^^ ' 16(a: + z?/) 

rfle To(g) n Ti(2;,g) ^aiOTCii cooTBeTCTBenno 4)opMyjiaMH (5.3) n (5.4). 
IIpeflCTaBHM 4)opMyjiy fljiH nonepeHHon sjieKTpHHecKoii npoBOflHMOCTH b 

HBHOM BHfle: 



(70 X \ XL 



5 g2 (q2-4)\ 2-q 

- + — + In ^ 

3 4 16q 2 + q. 



+ 



3a; 
16^ 



q' 1 
2 g 



V 2 ^ 



3 

2 3z2l, (l-^z/2)2-zVg2 



10 4^2 



In 



(1 + z/qy - q^/A 



zq 
T L 



4 z 
g"' V q^ 



'-^^{l-z/q?-qV^ 



(1 + z/qf - gV4 



6. HacTHfcie cjiynaH ajieKTpHHecKoii npoBO^HMOCTH 



Hccjie;];yeM ^acTHbie cjiynan sjieKxpn^ecKoii npoBOflHMOCTH. BosbMeM 4)op- 
Myjiy (4.6) n npeo6pa3yeM ee k BH^y 

_ i. 3.^ f 9(1 - A-) - 9(1 - (K - qrt ^^,_^,j^3^+ 



(7o OJ '^'Kuj{uj + iz/)g 
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3iu 



6(1 - 



en - (K 



87r(a; + iu)q J - z/q - q/2 ^ ^ ' 

IloflbiHTerpajibHbie BbipajKenHii b sthx HHTerpajiax co/];ep»:aT (J)yHKLi;Hio 

^(q) = 9(1-^^2)- 9(1 -(K-q)2). 

B jiHHeiiHOM npH6jiH5KeHHH Mbi nojiy^aeM 

^(q) = -2^(1 - K^)Kxq = -6{l - K)Kxq. 

Tenepb Bbipa5KeHne (6.1) ynpomaeTCH 



1 



3iiy 



87r(cj + iiy) 



Kx - q/2 



3a; 



87r(aj + iv) 



KJ{l-K){K^-Kl)SK 
Kx - z/q - q/2 



SaMeTHM, HTO 



(6.2) 



(6.3) 



CjieflOBaTejibHO, Bbipa>KeHHe (6.2) mo^kct 6biTb npeoGpasoBano k cjie^y- 
lomeMy BHfly 

f 6(1- K)(K'- - K^)(fK 



Otr_ 



u + iv 167r {uj + iu) J Kx — q/2 

3a; f Kx6{l - K){K'^ - K^)d^K 



S'niuj -\- iv) J Kx — z/q — q/2 

Tenepb h3 4)opMyjibi (6.4) bh;],ho, hto npn g — >■ 



(6.4) 



<7ir = 



UJ + IV 

H npH a; = mm nojiynaeM b tohhocth CTaTHnecKyio npoBO/],HMOCTb: cr^^ = 

IIoKajKeM Tenepb, hto npn Majibix q Bbipa^Kenne (6.4) npnBOflHT k nsBecT- 
HOMy BbipajKennio fljiH npoBOflHMOCTH BbipojKflennon 4)epMHeBCKon njiasMbi. 
B caMOM flejie, saMeTHM, nxo npn Majibix q nepBbin nnTerpaji ns (6.4) npo- 
nopu;Honajien g'^.OT6pocHM 9tot nnTerpaji. B saMenaxejie BToporo nnTerpa- 
jia npene6peraeM njienoM g/2, h6o q/2 « \z\/q. B pesyjibxaTe fljiH Majibix 
q nojiynaeM: 

l_ rS{l- K)K, 
Sir I 



IV 



UJ + IV 



1 



Kx - z/q 



(6.5) 



16 



IIojibsyHCb CHOBa paBencTBOM (6.3), na ocHOBaHHH (6.5) npHxoflHM k cjie- 
flyK)in;eMy BbipajKeHHio 



J 



ao Sirq J - q/2 



KOTOpOe npHBOflHT K HSBeCTHOMy BbipaJKeHHK) 9JieKTpHHeCK0ii npOBOflHMOCTH 

B BbipojKfleHHOH 4)epMHeBCKoii njiasMe 



1 

,2 



^cw. ^ _3t^ r Wl^^ = ^ i„ ^ . (6.6) 



J ji — z 4g 



q z + q. 



Ha pHc. 1-8 npe/],cTaBHM cpaBHeHHe MOflyjieii /],eHCTBHTejibHOH h mhhmoh 
HacTeii Tpex sjieKTpHHecKHx npoBO^HMOCTeii. O^Ha h3 3thx npoBOflHMOCTeii 
BBe^eHHa b HacTO^meH pa6oTe (sto 4)opMyjia (5.1) h KpHBbie "1" na pHcyn- 
Kax), BTopaa — 9T0 npoBOflHMOCTb JiHHflxapfla (4)opMyjia (5.2) h KpHBbie 
"2"), TpeTbH npoBOflHMOCTb — 9T0 KjiaccHHecKafl npoBOflHMOCTb (4)opMyjia 
(6.6) H KpHBbie "3"). HpeflCTaBHM na pHC. 9 h 10 saBHCHMOCTb fleiiCTBH- 
TejibHoii H MHHMoii ^acTeft sjieKxpH^ecKoii npoBOflHMOCTH, BBefleHHoii b na- 
CTOiimeH pa6oTe, ot 6e3pa3MepHoii ^acTOTbi K0Jie6aHHii uj npn pasjiH^Hbix 
SHa^eHHiix 6e3pa3MepHoro BOJiHoro nncjia q. 

7. 3aKjiioHeHHe 

B HacTOiiineii pa6oTe Bbmeflena 4)opMyjia fljiH sjieKTpHHecKoii npoBOflH- 
MOCTH B KBaHTOBoii CTOJiKHOBHTejibHOH HjiasMe. 9T0H Li;ejin HcnojibsyeT- 
C5I KHHeTH^ecKoe ypaBHenne c HHxerpajiOM CTOJiKHOBeHHft b 4)opMe pejiaK- 
caLi;HOHHOH MOflejiH B npocTpancTBe nMnyjibcoB. Bbi^ejiiieTCii h HCCJieflyeT- 
C5I cjiy^aii Bbipo:acfleHHoii (J)epMHeBCKOH njiasMbi. IIpoBOflHTCii rpa^iH^ecKoe 
cpaBHeHHe hpobo^hmocth h3 HacT05in];eH paSoTbi c HpoBOflHMOCTbio ho JIhh- 

flXapfly H C KJiaCCHHeCKOH HpOBO^HMOCTblO. 




Fig. 2. Dependence \(Jtr/<yQ\ of quantity x; y = 0.1, q = 1. 
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o.e 1 .2 



Fig. 3. Dependence of Re {atr/o-Q) on quantity x; y = 0.1, q = I- 




Fig. 4. Dependence of Im (crtr/c"o) on quantity x; y = 0.1, Q' = 1- 




5. Dependence of Re {(Jtr/<^i)) on quantity q; x = 0.1, y = 0.01, ^ g ^ 0.2 




6. Dependence of Im {atr/cro) on quantity q; x = 0.1, y = 0.01, ^ g ^ 0.2 
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Re(cT,/cT„) 




0,3 0,6 0,9 



Fig. 7. Dependence of Re (o"fr/o"o) on quantity x; q = 0.5, y = 0.01. 




Fig. 8. Dependence of Im {atr / <7o) on quantity x; q = 0.5, y = 0.01. 
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Re(cT,/cr^) 




0,3 0,6 



9. Dependence of Re (ajr/ao) on quantity x; y = 0.01, curves of 1, 2, 3 correspond to 
values of parameter q: q = 0.1, 0.25, 0.5. 




10. Dependence of Im (atr/cro) on quantity x; y = 0.01, curves 1, 2, 3 correspond to 
values of parameter q: q = 0.1, 0.25, 0.5. 
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